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ADMINISTRATIVE DATA

PURPOSE OF TEST: The objective of this test program was
to verify the reliability of the manu-
facturing technology used in the pro-
duction of the cryo-formed spheres, and
to ascertaln their suitabllity for utili-
zatlion as replacements for the titaniunm
Helium storage bottles currently instal-
led in the liquid Hydrogen tanks in the
S IV B Stage of the Saturn IB Vehilcle,

MANUFACTURER ARDE, INC.

Paramus, New Jersey
MANUFACTURER'S DESIGNATION: "Saturn S-IVB Helium Storage Vessel
Part No. D3590.
GOVERNMENT CONTRACT NUMBER: NAS 8-30029., DO-A2 Priority
SPECIFICATION REFERENCES: 1. George C. Marshall Space Flight

Center, Purchase Order NAS 8-30029.
2. R,F.Q. 1-8-30-25733

3. Ogden Technology Laboratories, Inc.
Test Procedure No,B-20415, Rev. A.

4, oOgden Technology Laboratories, Inc.
Safety and Health Procedure No. B-

20415~-8,
SECURITY CLASSIFICATION: None
QUANTITY OF ITEMS TESTED: Five (5). Serial Numbers: 4, 8, 9, 10,
and 11.
DATE TESTS COMPLETED: September 17, 1969.
TESTS CONDUCTED BY: Ogden Technology Laboratories, Inc,

Jack Rabbit Trail
P.O. Box 181
Beaumont, California 92223

TESTS CONDUCTED AT: Ogden Technology Laboratories, Inc.
Remote Test Facility
Beaumont, California; and,
Magnaflux Materials Testlng Laboratory
6800 East Washington Boulevard
Los Angeles, California.
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ADMINISTRATIVE DATA - Continued

DISPOSITION OF SPECIMENS: Specimens Serial Numbers 4, 6, 10,
and 11, and the recovered fragments
of Specimens' Numbers 8 and 9 are
to be returned to Marshall Space
Flight Center.
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1.0

SPECIFICATION REFERENCES AND REQUIREMENTS

In accordance wlth George C. Marshall's Purchase Order

No. NAS 8-30029, authority was issued to Ogden Technology
Laboratories, Inc., to conduct rellabllity tests on five
(5) Cryo-formed Spheres (ARDE Part No. D-3590), Serial
Numbers 4, 8, 9, 10, and 11. Serial Number 6 was utilized
for set up and check out purposes.

Specific tests were conducted in accordance with Ogden
Technology Laboratories Test Procedure No,B~20415, Rev, A,
dated 24 July 1968, and as listed in Table I below.

TABLE I

Serial Numbers
TEST Paragraph i 9 10 11
Proof Ambient 2,1 X X X X X
Proof Cold 2.2 X X X X b
Leak Ambient 2.3 X X X X X
Thermal Shock 2.4 X x x X X
Service Life 2.5 X X X X
Stress Coat 2.6 X
Vibration 2.7 X X
Burst 2.8 X X

All raw data generdted during the listed tests has been reduced and is
summarized on data sheets that have been separated from this report.
All raw data and the original oscillograph recordings have been re-
tained at Ogden Technology Laboratories, Inc., Beaumont Division,
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2.2

203

2.4

2.5
2.5.1

2.5.2

GENERAL INFORMATION

Test Conditions

Unless otherwlse stated in the body of this report, all
tests were conducted at an ambient temperature of +77°F
+20°F, a relative humldity of 95% or less and a barometric
pressure of 29 *2 inches of mercury.

Test Condiltion Tolerances

1) Sinusoidal Vibration Amplitude +10%
2) Sinusoidal Vibration Frequency + 29
3 Random Vibration Density 20-1000 cps * 2db

Random Vibration Density 1000-2000 cps + Uddb
4) Pressure + 5%
5) Time + 5%
6) Leakage Rate +10%
7 Barometric Pressure 2%

Test Equipment

All test equipment used in the performance of the tests
described in this report is calibrated at intervals suf-
ficient to assure continued accuracy and repeatability
of recorded measurements. Calibration records are maln-
tained on file for study by authorized personnel upon
request.

Calibration standards are traceable to the National Bureau
of Standards and certifications are retained on file and
are avallable upon request to authorized personnel.

All vibration systems are calibrated immediately before
each successive use 1ln addition to the regularly scheduled
test calibrations.,

Test PFPixture

The test fixture used for the performance of the vibration
tests was designed by Ogden Technology Laboratories, Inc,,
and has a deslgnated Part Number 9100 NAS 8-30029.

Test Media
Hellum
Gaseous Helium utilized throughout the program, conformed to

U.S. Bureau of Mines, Hellum Grade A, Dew Point was always
less than =76°F,

Llquid Hydrogen

The Liquid Hydrogen utilized throughout this program conformed
to MIL-pP-27201.

-2
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390
3.1
3.1.1

2.1.2

3.1.3

DISCUSSION OF TESTS

Proof Test - Ambient

Requirement

Reference: Ogden Technology Laboratories Test Procedure
No. B-20415, Rev. A, dated July 24, 1968, Para-
graph 2.1.

The specimen shall demonstrate 1ts structural integrity when
subjected to a gaseous Hellum pressure of 3,500 psig for two
(2) minutes at a temperature of 70 *10°F. This integrity shall
be measured by: a) Comparing measurements of the specimen's
diameter, taken at six (6) locations, before and after pressuri-
zation, b) Visual observation of pressure decay during the two
(2) minute pressurization period.

Test Procedure

Prior to installing each of the five (5) test specimens

in a holding fixture, six (6) polnts were picked at random,

and identified, to serve as locations for measuring and re-
cording the diameter of each sphere, when required, throughout
the entire test program. A high pressure gaseous Hellum source
was connected to the inlet of the specimen, thermocouples were
installed and a shroud, for temperature conditioning, was placed
over the specimen, Whlle maintaining the specimen at 70 +10°F,
gaseous Helium was slowly introduced into the specimen until a
pressure of 3,500 psig was reached and maintained for two (2)
minutes, The Hellum pressure was then vented from the specimen,
into the recovery system, at a flow rate commensurate with main-
taining the specimen temperature at 70 10 °F. With the specimen
at ambient pressure, measurements of the specimen's diameter, at
the designated six (6) locatlons, were taken and recorded., The
foregoing procedure was then repeated for each of the remaining
four (4) specimens.

Test Results

The temperature of specimens Serial Numbers four (4) and eleven
(11) exceeded the specified 70 +10°F. during pressurization.

The highest recorded temperature, with respect to both specimens,
was 90°F for a duration of two (2) minutes. Test Deviation Re-
ports No,s 1 and 2 contaln the relevant data and are to be found
in Appendix 1, Section I, of this report. Despite the momentary
out of specification tolerances, no permanent deformation or
change in diameter was noted. Measurement and comparison of the
diameter's of Serial Numbers 8, 9, and 10, pre~ and post proof
test, did not reveal any significant change.
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300
3.2
30291

3.2.2

3.2.3

DISCUSSION OF TESTS -~ continued

Proof Test (Cold)

Requirement

Reference: Ogden Technology Laboratories Test Procedure
No. B-20415, Rev. A, dated July 24, 1968, rara-
graph 2.2,

The speclmen shall demonstrate its structural integrity when
subjected to a gaseous Helium pressure of 5,340 psig, maintained
for two £2).minutes, while submerged in Liquid Hydrogen at

-412 #12°F, This integrity shall be determined by: a) Com-
parison of the specimen's dliameter measurements pre- and post
proof test; b) Visual examination on completion of test,

Test Procedure

Measurements of the specimens dlameter, at the six (6) locations,

were taken and recorded prior to installation in the cryostat.
The specimen was suspended in the cryostat and thermocouples
installed to record specimen skin temperature and indicate the
liquid level in the cryostat. The specimen inlet was then con-
nected to a high pressure gaseous Hellum source, Prior to the
admission of liquld Hydrogen to the cryostat, the specimen was
purged five (5) times with gaseous Helium to expel all air and
other contaminants. On completion of the flnal purge, a posltive
pressure of fifty (50) psig was allowed to remain in the speci-
men. Liquid Hydrogen was slowly admitted to the cryostat untlil
three (3) temperature readings, taken fifteen (15) minutes

apart, indicated stabilization at -412 *12°F, and the specimen
was then consldered submerged in liquid Hydrogen, Gaseous Helium
was slowly admitted to the specimen until a pressure of 5,340
psig was reached. The liquid Hydrogen supply was adjusted, as
necessary during pressurization, to maintain the specimen at

-412 +12°F, After the pressure had been maintained for two (2)
minutes, the Helium in the specimen was vented to the recovery
system, the liquild Hydrogen supply to the cryostat was shut off
and the specimen allowed to return to ambient temperature and
pressure, The foregoing procedure was repeated for the remaining
four (4) specimens. When the specimens had returned to ambilent
temperature and pressure, the six (6) measurements of each
speciments diameter were taken and recorded.

Test Results

No structural deformation or damage was visually apparent at
the conclusion of the proof test at -412 *12°F, Measurements
of the specimen diameters, pre- and post test, were compared
and no significant changes were evident,

wdf
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3,:0
3.3
3.3.1

3.3.2

303@3

DISCUSSION OF TESTS - continued

Leak Test (Ambient)

Requirement

Reference: Ogden Technology Laboratories Test Procedure
No. B-20415, Rev., A., dated July 24, 1968, Para-
graph 2.3. ‘

The specimen shall be subjected to a gaseous Hellum pressure

of 2,100 psig for two (2) minutes at a temperature of 70 *10°F.
During the two (2) minutes the pressure gauge shall be monitored
for evidence of leakage.

Test Procedure

Prior to installing the first specimen (Serial No. 4), the
gaseous Helium system was "capped off" and leak checked at
3,000 psig. The specimen was then installed in the holding
fixture and connected to a high pressure gaseous Helium source,
While maintaining the specimen at 70 £10°F, the pressure of

the specimen was raised to 2,100 psig. The Helium inlet valve
was closed off and the pressure monitored for two (2) minutes
for evidence of loss 1n pressure., On completion of the two (2)
minutes, the Helium was vented from the specimen to the recovery
system., The foregoing was then repeated for the remaining four
(4) specimens.

Test Results

Constant monitoring of the pressure gauge, during the two (2)
minute period, did not disclose any leakage with respect to speci-

mens Serial Numbers 4, 8, 9, 10 and 1l.
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3.0
3.4
3.4.1

3@“’.2

3.4.3

DISCUSSION OF TESTS - continued

Thermal Shock Test

Requlrement

Reference: Ogden Technology Laboratorles Test Procedure
No. B-20415, Rev. A, dated July 4, 1968, Para-
graph 2.4,

The specimen shall demonstrate 1ts structural integrity when
subjected to a temperature shock from +70°F to -423°F, with

the internal pressure being ralsed from O - 500 psig. The
required temperature and pressure parameters are to be attained
in ninety (90) seconds. This integrity shall be measured by:
a) Measurement and comparison of the specimen diameters, pre-
and post thermal shock; b) Visual examination for evidence of
physical damage.

Test Procedure

The dummy specimen, Serial Number Six (6), was installed in
the temperature conditlioning shroud suspended above the cryo-
stat, as depicted in PFigure I of this report. The specimen
inlet was connected to a gaseous Helium source, and the skin
temperature of the specimen stabilized at 70 £10°F. The cryo-
stat was then filled with llquid Hydrogen until the thermocouple
indicated that the liquid level was sufficient to immerse.the
specimen (approximately two-thirds (2/3) full). The cover (a
ten (10) mil thick polyethylene sheet) was then placed on the
cryostat, The Hellum supply to the regulator was opened and
the specimen slowly lowered into the cryostat, the weight of
the specimen breaking the cryostat "cover'". The specimen was
then pressurized with gaseous Helium, within ninety (90) seconds
of 1t pilercing the cryostat cover, to a pressure of 500 psig.
The specimen was then withdrawn from the cryostat into the
temperature conditioning box and the Helium pressure vented to
the recovery system. Satisfied that the internal pressure of
the specimen could be raised to 500 psig within ninety (90)
seconds of 1t piercing the cryostat "cover", the foregoing
procedure was repeated for specimens Serial Numbers 4, 8, 9,10
and 11. Prior to, and on completion of Thermal Shock, the
specimens diameters, at the six (6) locations, were measured
and recorded,

Test Results

No deformation was visually evident and comparison of the speci-~
mens diameters, pre-~ and post thermal shock, did not indlcate any
significant change. Specimen Serial Number eight (8) was sub=-
jected to a re-test, Notice of Test Deviation Number 3, dated
28th March 1969, refers. The re-test was conducted as a direct
result of an erronerous liquid level reading in the cryostat.

6
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3.502

DISCUSSION OF TESTS - continued
Service Life
Requlirement

Reference: Ogden Technology Laboratories Test Procedure
No. B-20415, Rev. A, dated July 24, 1968, Para-
graph 2.5,

The specimen shall demonstrate structural integrity when
subjected to pressure cycling from 500 psig to 3,700 psig

to 500 pslg, for a total of 500 cycles, while immersed in
liquid Hydrogen at a temperature of -412 *12°F, The gaseous
Hellum shall be at ambient temperature, and the pressure

cycle shall be completed in less than six (6) minutes. The
structural integrity shall be measured by: a) comparison of
specimen diameters pre- and post 500 cycles; b) visual inspec~
tion; and, c¢) a leak test, at amblent, after completion of 500
cycles,

Test Procedure

The dummy specimen, Serial Number six (6), was installed in the
test loop as shown in Figure II of this report. The test system
was "closed loop", and incorporated high and low pressure Helium
recovery systems. All valves and controls were automated, and
the entire test run remotely. Continuous observation of the
test pad was made on a closed circuit television system, Utiliz-
ing the dummy specimen, test runs were made to find optimum set-
tings for flow control valves with respect to gaseous Helium and
liquid Hydrogen. Satisfied that all test parameters could be met
in the specified cycle time of less than six (6) minutes, the
dummy specimen was removed from the test systen,

Prior to installing specimen Serial Number four (4) in the
cryostat, the six (6) diameter measurements were taken and re-
corded, The specimen was then installed in the cryostat and

the inlet connected to a high pressure gaseous Hellum source.
Thermocouples were bonded to the skin of the specimen and the
cryostat cover bolted in place, Prlor to the admission of

liquid Hydrogen into the cryostat, the specimen was purged five
(5) times with gaseous Helium, at ambient temperature, to expel
2ll alr and other contaminants. The speclimen was then pressurized
to 500 psig with gaseous Helium, and liquid Hydrogen was admitted
to the cryostat. The flow of liquid Hydrogen was adjusted until
three (3) temperature readings of the specimen skin, taken five
(5) minutes apart, indicated -412 *12°F, Concurrently, the Helium
pressure was regulated to malntain the specimen pressure at 500
psig. The specimen was then subjected to the following cycle

for a total of 500 cycles:

a) Increase pressure from 500 to 3700 psig in less than thrce (3)

minutes.

b) Vent pressure from 3700 to 500 psig, in less than three (3)
minutes.

c) Allow temperature to return to -412 x12°F, then start a new
cycle.

o[ e
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3.0
3.5

305.2.
(cont'd)

3.5.3

DISCUSSION OF TESTS ~ continued

Service Life « continued

After completion of the 500th cycle, the specimen was vented
to the atmosphere, returned to amblent temperature, and re-
moved from the cryostat. The specimen was then subjected to
a visual examination, measurement of the six (6) diameters,
and a leak test, at 2100 psig. The foregoing procedure was
then followed for specimens, Serial Numbers 8, 9, and 10.

Test Results

Followlng the life cycle test, a visual inspection of each specl~
men revealed no apparent permanent deformation, Comparison of
the measurements of the specimen dlameters pre- and post life
cycle test, did not indicate any significant change., None of

the specimens exhibited any leaks durling the leakage test per-
formed post 500 cycles as described in Paragraph 3.3.0f this
report. Specimen, Serlal Number 11, was installed in the test
loop, but, on instructions from Mr. C, Irvine (M.S.F.C.), was

not subjected to the l1life cycle test.

-8~
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3.0
3.6
3a6el

3.6.2

3.6.3

DISCUSSION OF TESTS -~ continued

Stress Coat Test

Requlrement

Reference: Ogden Technology Laboratories, Inc. Test
Procedure No. B-20415, Rev. A, dated July 24,
1968, Paragraph 2.6,

The specimen shall be subjected to examination for stress
modes by the application of stress coat to the external
surface, .The specimen shall be filled with distilled water,
the internal pressure shall be raised to 500, 750, and 1,000
psig, and the stress patterns photographed. Final qualitative
evaluation of the stress maps will be accomplished by N,A.S.A,
This test was performed by Magnaflux Corporation.

Test Procedure

Specimen Serial Number four (4) was coated with an aluminum
undercoat, ST-840, and allowed to alr dry for thirty (30)
minutes before applying the stress coat. Sftress coat coating
Number ST-70 was used in place of ST-1204, Permission to
deviate was given in TWX message Number R2617502, dated June
1969. The reason for the change was that ST-T70 was a newer
formulation requiring less cure time, and humidity did not
affect the sensitivity. The threshold strain of this coating,
at a temperature of T7°F,was approximately 750 - 800 micro-
inches per inch. An addltional pressure increment, of 200
psig, was added in order to determine the locations of highest
stress before these areas were masked by the more general
crack patterns at the higher pressure levels.

Test Results

The results and photographs of the stress modes are contailned
in Magnaflux Corporation's Report Number 26776-8=1.,
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3.0
3.7
3.7.1

3'0792

DISCUSSION OF TESTS - continued

Vibration Test

Requirement

Reference: Ogden Technology Laboratories Test Procedure
No. B.20415, Rev. A, dated July 24, 1968, para-
graph 2.7,

The specimen shall demonstrate its structural integrity when
subjected to sinusodial and random vibration, in three (3)
mutually perpendicular axes, at the levels shown 1in Tables ITI
and III, below, Throughout all vibration testing, orientation
of the test specimen and the tank wall section shall be main-
talined to simulate that in the vehicle configuration. While
undergoing vibration, the specimen shall be pressurized with
gaseous Helium at 3,200 *160 psig and the specimen temperature
shall be maintalned at -412 *12°F. The specimens' integrity
shall be measured by: a) vlisual inspection on completion of
random vibration in each axis; b) a leakage test at 2100 psig
and 70 +10°F,

Test Procedure

Utilizing the dummy specimen, an amblent temperature and pres-
sure fixture analysis was performed 1in each axis at full sinu~
soldal and random vibration levels, as shown in Tables II and
III below,

TABLE II

SINUSOIDAL VIBRATION LEVELS

Frequency (Hz) Level
5 - 28 0.085 inches DA
28 - 125 3.5 g Peak
125 - 190 0.0043 inches DA
190 -~ 2000 8.0 g Peak
TABLE IITI
RANDOM VIBRATION LEVELS
Frequency (Hz) Level
20 - 40 0,014 g2/Hz
Lo - 100 +6db/octave, Rise
100 - 700. 0.079 g2/Hz
700 - 2000 ~6db/octave, Roll=-off

~10=
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3.0
3.7

3.7.2
(cont'd)

DISCUSSION OF TESTS - continued

Vibration Test - continued

Specimen Serial Number eight (8) was mounted in the vibra-
tion fixture gFigure II), and two (2) thermocouples were in-
stalled, one (1) on the "ear",and one (1) on the '"neck" of
the specimen. The Marman Clamp was torqued to a value of

65 £5 in/lbs, and the "tie down" straps were torqued until a
tension of 225 +25 1lbs was recorded. The specimen-f{ixture
assembly was connected to a high pressure gaseous Hellum
source by means of a flexible line. The liquid Hydrogen sup-
ply and vent systems were connected to the fixture by means
of flexlble lines. Control valves for the gaseous Helium
and liquld Hydrogen supplies were automated, and the entire
test was run on a remote shaker wlth continuous observation
by a closed circult television system. Prilor to the admis-
sion of liquid Hydrogen to the flxture, the specimen was
purged five (5) times with gaseous Helium to expel all air
and other contaminants.

While maintalning a poslitive pressure in the specilmen, liquid
Hydrogen was slowly admitted to the fixture until the specimen
temperature stabilized at -412 £12°F, Concurrently, the speci-
men pressure was raised to 3,200 *160 psig. Stabllization was
assumed when two (2) successlve temperature readings, taken
five (5) minutes apart, measured -412 *12°F,

While maintaining the temperature and pressure parameters, the
specimen was subJected to sinusoidal vibration at the levels
shown in Table II. The sweep rate from 5-2000-5 Hz was one (1)
octave per minute, and a tracking fllter was used over the
5-200 Hz portlon of the sweep. The temperature was continuously
recorded, and all accelerometer outputs were recorded on an
oscillograph, Still maintaining the temperature and pressure
conditions, the cold fixture and specimen were equalized -6db
down from the random vlibration levels shown in Table III.
Verification of the equalization was accomplished by cutting

a short tape loop and playing 1t back on to an X-Y Recorder

to produce a power spectral density (P.S.D,) plot. Satisfled
with the equalization, the random excitatlion was increased
untll full level was reached. The specimen was then subjected
to a total of twelve (12) minutes random vibration at the
levels shown in Table III. During the twelve (12) minute

time period, a power spectral density (P.S.D.) plot was made,
The specimen was then allowed to return to amblent temperature,
the Helium pressure was bled back into the recovery system,

and the specimen was removed from the fixture,

11~
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3.0 DISCUSSION OF TESTS - continued

3.7 Vibration Test - continued

3.7.2 Specimen Serial Number nine (9) was installed in the vibration

(cont'd) fixture and the foregoing procedure repeated. On completion
of testing both speclimens in this axls, a leak check was per-
formed at 2100 psig. The fixture was then reoriented for the
next axls of vibration, maintainling at all times the attitude
of the specimen to the tank wall section, relative to the
earth's gravity.

3.7.3 Test Results

While undergoing sinusoidal vibration in the X-Axis, specimen
Serial Number eight (8) warmed from -4Q0°F to ~208°F, Visual
inspection on completion of the sinusocidal vibration revealed
that the foam insulation on the Plenum had vibrated off., Prior
to running random vibration, the Plenum was insulated with a
flberglas wool thermal wrap., Visual inspection at ambient
pressure and temperature, post sinusoidal and random vlibration
on Serial Number eight (8), revealed that three (3) out of the
four (4) tie down lugs on the skin sectlon panel (supplied

by N.A.S.A.) had torn away., Mr. C. Irvine (M.S,F.C,) was
informed by TWX message Number 69-173, dated 7-14-69, and
testing was put on a hold status untll a reply giving a dis-
position was received. The reply was contained in TWX message
Number R-181240Z, and authorized Ogden Technology Laboratories
to effect weld repairs to the tie down clevis, P/N-1498661.
The weld repairs were completed, and no further trouble was
experienced with the tie down clevis for the remainder of the
vibration test program,

The vibration levels, both sinusoidal and random, were accompllshed
in all three (3) axis wilth the exception of random equalization
in the Z-Axes.

The test fixture orientation in the Z-Axis, was such that the
M.,S,F.C. supplied skin panel was perpendicular to the vibration
excltor head (the direction of applied vibration). This orienta-
tion of the skin sectlon with the Helium Sphere mounted to 1t was
the most severe, Transmlssibllity of the ilnput levels, the f{ix-
ture, and skin section to the sphere, could ndét be attained due
to the flexibility of the skin panel. This flexibility of the
skin panel (or resonant bandwidth) from approximately 100 Hz to
400 Hz would not allow equalization with in t¥He capabilities of
the Ling ASDE-80 automatic Equalizer/Analyzer. The PSD equaliza-
tion plots 1, 2 and 3 for the Z-Axis 1llustrate the problem en-
counteredand difficulty of equalizing a flexible member wlth the
test specimen mounted. Relocation of the control accelercmeter
to a more rigid member would have alded in equallzation but
would not have been located at the point of attachment of the
sphere as required by M,S.F.C. specification.

-]2-
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3.0 DISCUSSION OF TESTS - continued
3.8 Burst Test

3.8.1 Requirement

Reference: 0Ogden Technology Laboratories Test Procedure
No. B-20415, Rev. A, dated July 24, 1968, Para~
graph 2.8,

The specimen shall be placed in an expendable cryostat, To
minimize the explosive force (by reducing the gas volume),

the specimen shall be fllled with Polyethylene beads approxi-
mately 1/4 inch in dlameter, The specimen shall be submerged
in liquid Hydrogen, and the internal pressure shall be railsed,
using pre-chilled Helium gas (-412 *12°F), until burst occurs
or 10,000 psig is reached. There shall be dwell intervals of
three (3) minutes duration at the following pressures: 3,700
psig, 5,340 psig, and 7,100 psig.

3.8.2 Test Procedure

The specimen was filled wlith polyethylene pellets and placed
in an expendable (foam) cryostat, which, in turn, was "buried"
in the ground. A high pressure gaseous Helium source was
connected to the specimen inlet, and liquid Hydrogen supply
lines and vent lines were connected to the cryostat. Thermo~
couples were bonded to the specimen and connected to a Barber
Colman Continuous Strip Chart Recorder. Prior to the admis-
sion of any liquid Hydrogen to the heat exchanger (for pre-
chilling the gaseous Hellum) or the cryostat, the specimen
was purged a minimum of five (5) times to expel all air and
other contaminants.,

The cryostat was then filled with liquld Hydrogen while con-
currently introducing pre-chilled gaseous helium into the
specimen, The internal pressure of the specimen was then
raised to, and held for three (3) minutes at, each of the
following pressures: 3,700 psig, 5,400 psig, and 7,100 psig.
The rate of increasing the pressure was conducive to malntain-
ing the Helium temperature at -412 *12°F, but it did not exceed
a pressurization rate greater than 175 psid/minute.

3.8.3 Test Results

Specimen Serial Number eight (8) had not burst when a pressure
of 8,400 psig had been reached, All efforts to ralse the pres-
sure above 8,&00 psig were 1ineffective, and,to conserve liquild
Hydrogen, the test was aborted, The specimen was returned to
ambient temperature and pressure, and removed from the cryostat.
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3@0
3.8

3.8.3
(cont'd)

DISCUSSION OF TESTS - continued

Burst Test - continued

The system was capped off, and the pressure checked (decay
method) to 10,000 psig at ambient temperature. No leaks were
found. The torque values (213 in/lbs) for the bolts holding
the Aero-quip Marman Seal were checked, and were found to

have "backed off" a matter of five (5) inch/pounds. Mr. C.Irvine
(M.S,.F.C. ) was informed of the findings and, on his instructions,
Serial Number nine (9) was installed in the test loop and an
attempt made to burst 1t. Thls was also unsuccessful, although
the pressure reached, this time, was 9,000 pslg. Investigations
at amblent pressure and temperature were conducted, and the
diameters of the specimens Serial Numbers 8 and 9 were checked,
against those recorded post Service Life, with very little!
significant change noted. The possible conclusions to be drawn,
from the inabllity to ralse the pressure any higher, are that
the seal 1s developing a leak at these higher pressures coupled
wilith the strange thermodynamic propertles of gaseous Helium at
~412°F and 9,000.psig. This information was relayed to Mr. C.
Irvine (M.S.F,C.) who instructed Ogden Technology Laboratories
to burst both specimens at amblent temperature using gaseous
Helium, Burst occurred at 5,500 psig on Serial Number eight (8)
with a recorded specimen skin temperature of 105°F. Specimen

- Serial Number nine (9) burst at 5,400 psig with a recorded skin

temperature of 105°F
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4,0 DESCRIPTION OF TEST EQUIPMENT
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TEST SCHEMATICS

FIGURE I Thermal Shock
FIGURE II Service Life
FIGURE III Vibration Concept
FIGURE IV Burst
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PHOTOGRAPH NO.1

RECEIVING INSPECTION
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PHOTOGRAPH NO.la

RECEIVING INSPECTION
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PHOTOGRAPH NO,2

PROOF TEST AMBIENT
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PHOTOGRAPH NO,3

PROOF TEST COLD
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PHOTOGRAPH NO.4

LEAK TEST AMBIENT
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PHOTOGRAPH NO.5

THERMAL SHOCK TEST
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PHOTOGRAFPH NO.6

SERVICE LTIFE
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PHOTOGRAYH NO.7

TYPICAL VIBRATION TEST SETUP
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PHOTOGRAPH NO

VIBRATION TEST X-AXIS
Showing Borken Clevis
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